Importance

51
The non-structural protein NSP4 of rotavirus is a multifunctional protein that plays an important 52 role in virus replication, morphogenesis and pathogenesis. Previous -binding independent of crystallization conditions are lacking.
7 the linker using TEV protease (27) and rebinding to Ni-NTA beads. The 6xHis-tag was removed 140 for all of the experiments and protein purity confirmed by SDS-PAGE (Fig. 1B) . Technologies) were used to estimate the relative molecular masses of the proteins and proteins
149
were visualized by staining with Coomassie brilliant blue.
150
Analytical gel filtration. The molecular mass of WT-CCD and mutants E120A-CCD and E/Q-
151
CCD were analyzed using a Superdex S-200 analytical gel filtration column (GE Biosciences).
152
Gel filtration was carried out in TBS pH 7.5 and sodium acetate pH 5.6, 150 mM NaCl buffer
153
(low pH) at protein concentration of 5 mg/ml. The Superdex S-200 column was calibrated with 154 standard molecular weight marker proteins (BioRad, Hercules, CA) and Blue dextran was used 155 to determine the void volume (V o ), using two different pH buffer systems and a standard curve 156 was used to calculate the molecular mass of each NSP4 CCD based on the peak elution volume.
removed using TEV protease and the proteins further purified using gel filtration. species. The apparent molecular mass of WT-CCD was consistent with a tetramer (~25.5 kDa).
252
In contrast, both mutants migrated more slowly than WT-CCD, suggesting oligomeric forms larger than a tetramer. However, the resolution of this method was too low to determine a precise 254 oligomeric form. One reason for the poor resolution of the NSP4 CCD mutants is that they have 255 a higher isoelectric point (pI = 8.6) and this would have affected their mobility on the BN-PAGE.
256
Next, we used analytical gel filtration to determine more precisely the molecular mass of the
257
WT-CCD and mutant oligomers. Both the WT-CCD and E/Q-CCD mutant proteins were 
286
(13, 15), two E120 residues and four Q123 residues coordinate binding of the Ca 2+ ion, with the 287 other two E120 residues turned away from the center of the channel forming hydrogen bond 288 interactions with the residues from the neighboring subunits ( Fig. 4C and 4D ). In the structure by close proximity to the mutated E120A and Q123A residues (Fig. 5C ). In the ST3 CCD pentamer, 310 however, only two water molecules inside the channel are reported.
311
To examine if the SA11 E/Q-CCD mutant pentamer can accommodate the native E/Q 312 residues, we computationally mutated back the alanine residues in the mutant to their respective 313 E and Q residues. In this simulated native structure, both E and Q residues can be easily 314 accommodated without any steric clashes making a similar hydrogen bond network as observed 315 in the ST3 pentamer structure (Fig. 5D ). This suggests that native SA11 CCD can form a 316 pentameric structure. Interestingly, the Q residues in the simulated native pentamer structure can 317 hydrogen bond to the hydroxyl groups of the glycerol suggesting that the native SA11 CCD to side chains of Q109 residues, whereas the glycerol is observed in the close proximity of the as Ca 2+ as proposed in the case of COMP pentameric channel (37).
479
The CCD likely dictates the structure-function of NSP4. The NSP4 CCD with its unique 480 structural properties, a conserved heptad repeat, the unique combination of E120 and Q123, and double-layer particles, or when it is transiting from the ER to the low-pH ERGIC compartment.
497
By contrast, the tetrameric state may be important for interacting with cellular proteins such as 498 LC3 that is exploited by RV for viral morphogenesis (4). Identification of the biochemical 499 factors that stabilize either the tetramer or pentamer form, as well as mutations that lock the 500 NSP4 CCD into a single conformation, are critical tools to differentiate between the functions 501 carried out by the NSP4 tetramer and pentamer.
502
In summary, our studies presented here reveal unique perspectives first to the functional aspects 503 of rotavirus NSP4 and secondly to the structural aspects of protein sequences with a heptad 504 repeat that form coiled-coil oligomeric structures. In regard to NSP4, our results support novel interpretations including that unique features of the NSP4 CCD confer the structural plasticity of the ribbon representation of NSP4 CCD (residues 95-145) tetramer presented in this paper.
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The bound Ca 2+ ion (yellow sphere) along with E120 and Q123 (rendered as sticks with nitrogen 
